Specific radiological features identified by Brandser and Marsh were selected for the analysis of acetabular fractures according to the classification of Letournel and Judet. The method employs a binary approach that requires the observer to allocate each radiological feature to one of two groups. The inter-and intra-observer variances were assessed. The presence of articular displacement, marginal impaction, incongruity, intra-articular fragments and osteochondral injuries to the femoral head were analysed by a similar method. These factors were termed 'modifiers' and are generally considered when planning operative intervention and, critically, they may influence prognosis.
Pelvic osteology is complex, and especially so in the peri-acetabular region. The accurate assessment of fracture lines forms the basis of a commonly-used classification proposed by Judet, Judet and Letournel 1 and Letournel and Judet 2 which comprises ten categories, and the process of classification requires the placement of a continuous variable into discrete categories. This process is likely to result in some disagreement. 3 Previous studies have documented a variance in classification according to the Letournel and Judet classification. [4] [5] [6] [7] Predictably, both experience and training improve the ability of an observer to classify an acetabular fracture. 5, 6 Consequently, some authors have attempted to identify a systematic checklist of radiological features to facilitate this process for less experienced observers. 6, 8, 9 This study analyses the inter-and intra-observer variances of one such systematic binary approach as described by Brandser and Marsh 9 ( Table I) .
It may, on occasion, be appropriate to manage an acetabular fracture non-operatively. The decision to operate is influenced by the presence of features thought to indicate a poor prognois if managed non-operatively. 10, 11 This study assessed the level of agreement among observers when assessing these 'modifiers' (Table II) .
Materials and Methods
The radiographs and CT scans of 30 patients were selected from the Pelvic Reconstruction Unit database and represent a broad range of types of acetabular fracture. The plain radiographs comprise both anteroposterior (AP) and Judet views. Both radiographs and CT scans were rendered anonymous for the purpose of the study, and were catalogued according to a study reference number.
Six independent observers were asked to complete a questionnaire for each set of radiographs. The observers included two consultant orthopaedic surgeons (AD, MB) with a special interest in fractures of the pelvis and acetabulum, one consultant orthopaedic surgeon (not an author) with an interest in lower limb reconstruction, and three higher surgical trainees (VP, and two who were not authors; years 6, 4, and 2, respectively). The participants were not given a copy of The Brandser and Marsh 9 original paper so as to prevent inadvertent use of the summary table. The participants had varying degrees of experience, but all had worked on the Pelvic and Acetabular Reconstruction Unit, which is a tertiary Trauma referral centre assessing around 150 cases per year. Prior to the analysis, participants received a tutorial on the use of AP and Judet views, and of axial CT reformats in the classification of fractures according to the Letournel-Judet classification. Detailed instruction was then provided on Brandser and Marsh's systematic method, with specific attention to the definitions that underpin the questions in Table I .
This analysis comprises one arm of a more extensive study 12 addressing the inter-and intra-observer agreement for the classification of acetabular fractures according to both the AO 13 and Letournel-Judet classifications. The same group of observers used the identical 30 sets of plain radiographs and CT scans as were used for this study. The Letournel-Judet classification produced substantial intraobserver agreement (κ = 0.61) and moderate inter-observer agreement (κ = 0.53). This is consistent with the published findings of Beaule et al. 5 The intra-observer agreement on the AO type, group and subgroup were substantial (κ = 0.75), substantial (κ = 0.61) and fair (κ = 0.42), respectively. The inter-observer agreement on the AO type, group and subgroup were substantial (κ = 0.69), moderate (κ = 0.55) and poor (κ = 0.30), respectively.
The questionnaire requires observers to answer eight questions relating to specific radiological features 9 ( Table  I ). All observers were required in addition to determine the presence of five modifiers (Table II) . The two consultant orthopaedic surgeons with a special interest in fractures of the pelvis and acetabulum were asked to select an operative approach in each case. Following completion of the firstround evaluation, the radiographs and CT scans were randomly assigned new identification numbers and were returned to the observers after an interval of 12 weeks for the second-round evaluation. Statistical analysis. Values for multiple observers were calculated using the method of Fleiss.
14 The analysis was performed with Stata 5.0 (Stata Corp., College Station, Texas). The κ values were categorised according to the guidelines of Landis and Koch 15 (Table III) .
Results
The 30 sets of radiographs and CT scans were analysed by each of the six observers on two separate occasions, as described. Nine of ten categories comprising the LetournelJudet classification were used at least once, which suggests a representative case selection. The inter-and intra-observer errors of the eight radiological features are presented in Table IV . There is moderate to near-perfect inter-observer agreement (κ = 0.49 to 0.88). The intra-observer agreement varied from moderate to near-perfect (κ = 0.57 to 0.88).
The inter-and intra-observer errors for each of the five modifiers are presented in Table V . There is only slight to fair inter-observer agreement (κ = 0.20 to 0.34) and slight to moderate intra-observer agreement (κ = 0 to 0.55).
There was substantial agreement in respect of the operative approach (κ = 0.64).
Discussion
The classification proposed by Letournel and Judet is widely accepted by researchers and is helpful in the selection of surgical approach. 16 Its application has been described elsewhere and it appears to be a largely successful classification tool. [5] [6] [7] The variance observed may be a product of the classification process. Fracture configurations are generally a continuous variable, and most classification systems constrain the individual case to membership of a Can an intact strut of bone be followed from the sacroiliac joint to the acetabular articular surface, or is a spur sign present? 8
What is the orientation of the major fracture line on the axial CT? This study considered the systematic approach described by Brandser and Marsh, 9 based on the identification of eight key radiological features (Table I ). There is substantial to near-perfect agreement on five of these features (1, 2, 3, 4 and 7), but only moderate agreement on the remaining three (5, 6 and 8); this observation requires further analysis.
Question 5 requires clarification. It seeks to address whether or not there is a fracture of the posterior wall. There are some fracture patterns, such as the transverse, in which there is a fracture line running through the posterior wall. This is, however, quite distinct from an isolated fracture of the posterior wall, and for that matter an associated transverse-posterior wall fracture as described according to the Letournel-Judet classification. Inexperienced observers tend not to distinguish between the two categories, and a satisfactory binary method must address this equivocation. The question may be refined by the following requirement: the fracture line must remain within the posterior wall throughout the axial CT sequence. It should not cross the quadrilateral plate and should not extend anterior to the cotyloid fossa (Fig. 1) . In the event of a transverse-posterior wall fracture, the posterior fracture is distinct from the transverse fracture and is recognised by the presence of two sagittal fracture lines, only one of which extends anterior to the cotyloid fossa. In other words, if the fragment lateral to a fracture line which crosses the posterior wall can be followed cephalad through sequential sections and into the greater sciatic buttress, there is no posterior wall fracture.
Questions 6 and 8 return only moderate agreement and require the orientation of the major fracture line to be identified on axial CT. These questions aim to differentiate fractures that remain within either the anterior or the posterior column from those that traverse both. For example, a typical transverse fracture has a sagittal orientation and will effectively divide the acetabulum into superior and inferior halves. A typical anterior or posterior column fracture has coronal orientation and effectively divides the acetabulum into anterior and posterior halves. A 'T' fracture pattern, on the other hand, comprises fracture lines of each orientation, and complex or associated fracture patterns may contain many fracture lines of equivocal orientation.
The questions may therefore be refined to address this problem. The first observation should assess whether there are one or two principal fracture lines. Where there are two, they are not mutually exclusive and should therefore be assessed independently. With reference to axial CT sequences of the acetabulum, a fracture line that crosses a coronal plane passing through the anterior extent of the cotyloid fossa and traversing both columns, is effectively transverse in orientation (Fig. 2) . On the other hand, a fracture line that fails to cross a coronal plane running through the cotyloid fossa and additionally fails to exit through a column other than that in which it started, may be considered coronal in orientation (Fig. 3) . The former group contains transverse and transverse-associated fracture patterns, and the latter contains isolated column and associated both-columns fractures. 'T' pattern fractures contain lines of each orientation.
Interestingly, questions 6 and 8 seek to corroborate information that may be derived from the answers to other questions, and as such are not strictly necessary. This is Table IV . κ values for agreement on radiological features in systematic approach
Radiological features
Inter-observer
Intraobserver
Fracture alluded to by Brandser and Marsh. 9 They draw attention, however, to the importance of axial CT sequences in the confirmation of plain radiological observations. This technique is commonly practised by many pelvic and acetabular surgeons, and for the purpose of this study the questions have been included.
If questions 6 and 8 are omitted from the analysis, the overall intra-and inter-observer agreements remain in the 'substantial' range, despite rising from 0.71 to 0.73 and from 0.65 to 0.69, respectively.
Previous studies have shown that cases are most accurately assigned to Letournel-Judet classification criteria by those with experience or training in the use of this classification. 5, 6 The systematic approach examined in this study demonstrates a certain level of success when applied to those less experienced observers. When the two most experienced observers were excluded from the analysis, the overall intra-observer agreement fell from 0.66 to 0.52, and the overall inter-observer agreement fell from 0.65 to 0.53. There are, however, significant flaws, some of which may be addressed by means of further clarification. The three features causing most disagreement among observers have already been addressed. The concept of a binary method is appealing, and it proves more effective than initial classification in the hands of an inexperienced observer. Subtle refinement may reduce the level of inter-and intra-observer error while retaining the elegance and simplicity of the method.
Despite the usefulness of the Letournel-Judet classification, it does not address certain features of an acetabular fracture that may critically influence the prognosis. 10 These features are listed in Table II and are included in the com- prehensive classification proposed by the AO group. 13 The ability of surgeons to identify these features consistently has not been assessed.
This study analyses the level of agreement among surgeons when identifying these five modifiers. 16 There is only slight to fair inter-observer agreement (κ = 0.20 to 0.34) and slight to moderate intra-observer agreement (κ = 0.00 to 0.55). The results imply that observers of variable experience are unable to agree on features that might determine prognosis and potentially influence the decision to operate. The decision should therefore be left to experienced pelvic and acetabular reconstruction surgeons. Other factors, such as age, comorbidity, associated injuries and timing of the index referral, influence the decision-making process. The two consultant orthopaedic surgeons with a special interest in fractures of the pelvis and acetabulum were asked to determine the most suitable operative approach for each fracture. It is reassuring to observe a substantial interobserver agreement (κ = 0.64).
In conclusion, this study considers the use of a systematic, binary method for the classification of acetabular fractures. Five of the eight criteria appear reliable when assessed by means of inter-and intra-observer error. The remaining three require further refinement. Non-specialist observers are unable consistently to detect features that might determine prognosis and potentially influence the decision to operate. It is therefore prudent to seek the opinion of an experienced pelvic and acetabular reconstruction surgeon at the earliest possible opportunity.
